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(54) HNE STRUCTURE OPTICAL HBER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a device which 
exhibits a relatively large nonlinear interaction at visible and 

near IR (vis-nir) wavelengths. . :-W 

SOLUTION: A suitably designed optical waveguide exhibits an v^^^^^^^^"^^^^ 
abnormal (positive) dispersion over the continuous body of the ^j^^ 
vis-nir wavelength and the fiber 10 exhibits zero dispersion at ^^f 
a visible wavelength (for example, about 760 nm). These J^m^ 
characteristics are achieved by mutually matching a core I "^^'^"^^0 Jk 

region 12 and the refractive index difference between the | ^^!^^^m^^,^:^ 
core region 12 and a clad 14 (making the core region 12 % ih 3 

relatively small and making the refractive index difference Sv , 

relatively large). In a more preferable embodiment, the zero i.^'^W 

dispersion point occurs at the vis-nir wavelength. For ^^.4i. 

example, the optical waveguide is fine structure fiber 10 
having the silica core 12 enclosed by the relative thin inner 
clad 14 having plural capillary holes 14 and 1 enabling the 

refractive index waveguide in the core 1 2. The patterns of the cross sections of the holes are 
for example, hexagonal or triangular. 
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(54) CaiM©«»] «ttl«it3K7r^^/t 



(57) mm^i 

S<D^«:tC:b/hOS^ (IE) ^tS{^^U. -||iS«?9tC 
J:^:7r ^/N'l O^i. oj^ifi^S (m«i!^j7 6 0 nm) 
r-fefn^JtSc^frij^-ro Cti60l$t4^i. ^rw^\2t. 

(O^mmi 14.1 ^WT^ib^&^jSIC^rtffliJ^^ F 1 



10 




16 

j%§^^ 7 K 



i, 

friBrtffliJ ^ F«si^». m&:='Tm.m(Dm <o <o'j>tj: < 

fan T^ilSfc J: OUSrtillf 7 f KMllSt*. «?ne:7T-f 
>'<*Sv1s-n1r?g[gffiH{C*)fc»JS^SfilK»til («T 

IBS 4 C i 4«F® i r * W:*^3 CcffitS©SRID»3g 

Aftj^^^c^c Limsit-rhm^ i «:fBi8©f»ffl« 

=ftjg«:^c-rc i*!RF®i-r4ii»^ 1 tCIBK©a»ffl« 

[»*S8 } BiraBaT^«HBj:cmiai'7 ■> h'mmit 

>'^•^3:. iK»7 0 0 nm*>e>i»«)l 2 7 Onm*-C©jgSeiB 

inmi 1 0 ] m%zmmmbv r a ^^•w> amm 
[ gi*5 1 1 1 itriBawffl^jS* 7 T -r . Tfe'^Ji' X 



(2) #^2000-3567 1 9 

2 

MsB7 T iitiBSS5li«i§3fe7 T -^--^©^ 1 SU^-c 

l(riB>'N'Jl/;^©»S». freADRF«3«:*«5. iKjl 
27 OnmJ:0/h$(,it:i{CJ:i3. ^ra^J^rgJIB-'NVi/ 

;^*ffifi^^.c i*iRfm<t-r4is*s 1 {ciB*s©sai« 
[i«^i2] tfriB^feiSfj. *©9^+-:/iifcK:Sfr 
■r 1 1 icsmoymmmtv r a ^t, 

10 [mm 1 3 1 UBB-'-«;l';^©«fi«g!rSBA D Rrt©M 

IKIBigOSbW^JS^fe^T^/^. 

1 4 ] B?iB7 y ii©«^«i(*y£«e 

Bfiit^S!=S:Wr 2 SP^4:ff WS&m 1 SiJ»«. 

©S(*ea«jS3fe7r'f>'N% 

[W^J® 1 5 ] mism&im%y r sfO-:/^^ 

B«iB7 T -f BilfBafcffl«ji7fe7 r ■<J^<DCi>1i <th 

fIie!t<>7'ttJ:t»©2gSA,{3:. friBvis-nirtSSKHF^tC 
*SCt«Cj:0. i^rfaSM«3i:)e:7T-/■>'^•». vis-nir 
«S©fiScS=f©:/o- Fai|^«:«^^r5C 

^S;A,-AAt<A,<A.+AA.'&jS/cl/, A 

30 A , i A A , it..sL--rL i>n^L<u\.^ct ^mkt-tin 
aes 1 5 i.c§m,<Dmm^%v r ■< ^-^^ 

[if^r7] mUy7-(^miy<J*}y}^hfj:K). 6 9 
Onm< A.< 1 2 7 0 nmV$>iC tH^WLtTi^n 

18] A . {*. mis^mmm^y r a >'^*©*t 

ift»tft3>«-5 0 p s/nm-km<!:>a:*ig«J:»)/jN$(,> 

c <!: =&#»<!:-r-5^*JS 1 5 ic^wmmmmty r -f 
imm 1 9 1 i5iBafcffl«js*7 r ^6+ * 

m^mt. mu9ty 7 Aj^^^^, mty 7 a f'iaypts: 

^yy-iJ^, 

[gi*3S2 0] S?iB7T-/-'<©:^%<<!:4>-8|J©-fe^^ 
©UNi^jam^ii^^S-ti-ycCi^rl^iiti-r-SfS^^l 5 

cciBis©es!iii«jg*7 T 

50 Cs«*^2 n Hosa^T'f-'^tt. oItSiS[5S»H«:*D;fc 



3 

m^22] SJIBnTMllsttv *>J-5 0 p s/nm 

«[S*Wr-5C i*i^®i-r5«^2 3 CC§Bt8©Si«B 

C^*^27] B9fB=ir^J^W, $5j-5 0 p s/nm 
• k in«T©:^1vt^t5(* W b . mrlB :3 i HUf Brt 

2 3 tClB*8©ift*8l«JS?l&7 T -f 

[ mm 2 8 ] *fi#?:^-r esms i . 

«(^Bj§(is*»e)«ugBSMS'^t5fB{g^*ie^-rseMJi 

i *^-r ^?fea<i s> X 7- Ate . 

«(^B«#*i^-r S a rffi^i . 
HyiB3TJI^<DWJaBS> fccfcO'. HirianTfJJ^iBfffB 
mi«S®H«:tofcOSlsefjIS»» (OT tadRj 



(3) #132 0 0 0-3 567 1 9 

4 

BJsBSimSBfiaA D Rrt<Dvis-ni rtffiS-C3l«i#*^ 

mtcmivnb*). iriB3TMis*ij:cjqs5iBrt(Wi'^y k 
2 8«cfB«E<iWtii(it/;^f^A. 

Cii3ja®3 0 ] mMZf^mf^y v vmmt. ijib^t^ 
20 friBS35©Ji^ji^ist«. m^::3rw^ommmi}^hm 

10^30 (im^miCS}Z>C^^1^ftin^2 9 
CCiB*8©3fe3ift '>;^ -f^ A. 

[gf*s3 1 ] i5^3T^«tmiBrt{iij4' 7 vmm 

l®2 9«:sa«g©3l6ii«i^;^7^A. 
[i»^32] B?iB3TMJ^{*. *^-5 0 p s/nm 
• k m«T©««l4^»% W 1/ . «(^B3 T^JlSi IflTIBrt 

ffl ^ Y^momowsimxRm^^tm 5 % j: 0 i > 
tJi3!»iB5iB#*m^ts:*M«r s c i tri>mw^ 

2 8{CfBtS©^fcjHl~>Xf^A. 

BijiB''->"Ji'X^SC-tH!{5'»i^;i'*- K^iSKt^wr 
mriB^ X •5 3 r mj^ i . 

40 KMil!(©ra©W5a®«T^II«. S(riB^j^8S*Jvis- 

niriSgffiHCC*5/cOSSgfjig^fSt (J^T TADRj 

BiriB u— tf {iHtriBA d Rrt©vis-ni r«s-C7t(i#*» 
^■r ^. c i cccfc 0 B^^fB/^•^^x4JIfi|■r -5 c i -r 

[ 3 4 ) mtzm^mt. mm&ntv r /^•© 

ft^B-'<^UX*se!fi-r * nTM^i . 
50 BU5B3T^«*'aH OfTffia r^J^J: 0 «>^®»f^*J 



5 

10-30 ummMic3bi>ct^msLfr^n^34 

Cis^3 6 ] m&^rmmtwmf^imi'^v mm 

(omom^mmmmitm 5 %<i: o < . striB^i r©w 

^3 4«:iS4Scr>3i65y;^^A. 

le^^•;^;^*^■r u— !f S c t ^mki. 
[its?^ 3 8 ] tfrle>'^v^;^^D^ss^*irsA d Rrtoiir 

fi[^H^il«:Wr-S31c:7T-^>'^'©ll2g|5^*WL. t^lBI^ 
3 4CCiBt8©^i';^f-A. 

[iS*:a40] l?iB3T^». II5J-5 Op s/nm 
• k mJ(UT©S*t?4^f5(* W gflBn TMJ^i MiBrt 

ciccjro. «!fiB-fe*n^|jti6S{c*ji,>r. S^^igss^ 

3 3{Cge4g<D7fe->X7"A. 

«riasJ<>:^<t^*SWBl-S3^ifiK<!:i&WrS. vis-ni 
mrsB^Sg^. 

ni«KSISiB(Ct>ft:OM^fflfjiS:»tJt («T TADRj 



(4) !($P§2 0 0 0-3 56 7 1 9 

6 

Usa-'<^i/;^*ietft-r 4 ar^i^i . 
Bina3T««*'aH0BiiiB3T<s«j: o fc^)a»f**s 

SJIBF^WIi'^i' h*^l^». «?ga3TMJ|J<DS«)«:iBS3 

micwsi-csb*) . OTTiB^TMi^fc.fciyNiriBrtffliJi'^^ f 
«4 1 K.sim>^^s. 

20 1 0~3 0Mm*SI«:*SC4*!|#«i-r4i«^4 2 

(CiB|g©7fe^g. 

[iS«]S4 4 ] frgeaTM^iSfl^rtWi' 7 v FM« 
©raery»?affl*f*^ W*sj 5 %<!; 0 < . wTiaa T®W 

:^4 2«cia«g©jlc^^S. 

A . i A A . L fefflt? C < /j: C 1 4i|t® i -r ^ W 

*^4 2K:iai8©*%^S, 
30 [iijj?:^4 6] 85137 r'^-'t(i2^U**^6«cO. 6 9 
Onm<A,<l 2 7 Onmt?*SCi*!^®<t-rSi« 
^4 5 «:^©3fe«*g. 

[ii^4 7] A.«. t(rfB^S?SS©M?*:»tJ*J- 5 
■rS«*3B4 1 {Cia«g©5fe^S. 

«H*JF-7-3n> H5ia!l<>:r<t#©jSS«. B5taAD 
40 RrtCC*»). SJIBH^a^tS!iSS{c««^l/t,>Ci4!|fia 
i-rSi«*«4 1 ccie48©:)^^g. 
tit^4 9] B5iB7r-f^<©^^c< ifc-^C-fei^ 

{ciB«(©^^g. 

ti»*315 0} Fj|<>:/m^*^-rS5j< 
B«riB5i<>>^<i#«:St:taS{.5:)lf:^j&8S<!:>S:WrS> vis-ni 
50 «5sB2»iS%». 
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7 

mt^&mK:t>tc>)m-^mm&^n (jwt tadrj 

*SctK:j:»5. IUie^K«. mtmt-b-c. Mi5 
sj* >7'a*©«SJ: 0 Sl>vis-n1 rtSS-rWiattl*** 10 

s c i i -r S3fe^g. 

1 0~3 0/zm*SlCC*SC<t*i^frSg»^5 1 

tClBtgCD^tli^S, 30 

[«^5 3 ] BiriBnrMJiJiifSrtffliji'^ !. vmm 

CWJ^J® 5 4 ] BiiianrMJSt*. #>»- 5 0 p s /n m 
• k mJ!yT©S«*4^«t*^L. 1513=1 TMUSi lilffil^i 
fflif FMJ|S©W©W^®*f^^»**)5%J:f)A^C» 
CifCiO. BtrfB42'a:»tS[?gg{c*Jt,>r. 

fist*i|iriB^»»ti(*?ii«-r« ct^imtnm^m 

5 0 iCfaig<Dit:l%^g. 40 

[ mim 5 5] A . «. iriaaijKss©«i^»ii(*s - 5 

0 p s/nm-km<!:^d:2»&SJ:»J/h3t»C«b*!RFa<!: 

■rsif*^5 0 Kiai8<wi£^g. 

[000 1] 
[0002] 

[«£*©«JI51 J|^!|$S:m5. 8 0 2. 2 3 6^(|%tf 50 
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0:199 8^9^ 1 B. : D.J. DiCiovanm et 

al.) (JWT roiCiovanni^KB^I^'J ® 

-f>'-«*siai£§nri,>S. DiCiovanni*Si^i*{Cj:n«. 
^rm^isHZfi^'yv F^Jg|«®S«:«WrSCitCj: 

f SC<i:*ipJt6t?*f3. — )l5{C5%JW±{Cf -SCi^JpJ 
fiB-C*»). 1 0%-t'2 0%K:-r-SCi4>oIte-C* 

-5, C©<fc^/5:iSl>A{cJ:»3. S2|s:^jS?*- F©*- F 
7 ./ -Jl/ Fa«r/h3 < 1/ (ii«2 . 5 um^m) . 

«. 7T'^^^•tt. rtlWi'^f FM«*J<fcC;fJ1-ffilJi'^v F 
%m^-( F(capmary void)*Wl/. 9m9z'v 

ovanni*ffl«Fl*F{C J:n«. C© ^ ^©^N^»iWSfclffl<« 

©) . ii'S7T'^>'^^ u-if. '^mmm.w. v7^j^ 

[000 3] ^m^fHicm U-tti, DiCiovanm^S^I^: 
©S6i. m5ffiill6 HTfeiT©?5at^'Siatt«:«. *^ 
1 5 1 5 ~ 1 6 0 0 n m©5S5i1-jgS«:*it:tS097n65j%fR 

mmT^y 7 -r>'>'©af3iS5>i5[;^-^d7 F^uon-sffijjsa, 
€>. @5{c5^-rJ:^«:. 7T-r''^•«. ly^yti-nrt. ^ 

Si^lfi'^!' F^i^W-r-S. C©7r-f /<©*[»» 
h^U (|^,^6 1 ) rP|g©5D'"'eSl7T>r 

-'^•©iE^I5cX'<^; hJU (SK^6 2) itfcKSiaS. 2 0 
nmJ£Lh (0d;i«i|itj5 0 n m) ©;^^i? F;UU>y{Ct> 
fcO. *^1 km©DiGiovanm*a!^fF(D7y-f/<». 9 
4 k m©ji^©-» i/'Jl'-t- Feai7 T >»<©]£»»* 

[0004] 

[^ig*s»^L/J;'5if €>^] DiGiovanm^K 

S!|$i*fc«. 3e>«:^il,i^gS(cteW5SWffl^3S7T'<^^' 
©:7T-<^<^JiS((c-oi,»r«e«snrte?>-r. oj 
ta*s <fccXift5i5J1-jgg{c*jCirstif^-r c©<J: '^ts.v7^ 

;u*-F-7T-f>'<«. BltaiS?S^JS-c:^^t>^ (ft) gf 
)iS^5-tSt?r^-r/£:«). F^U©C©SI5^{C*jW 

T> vls-niiiStSili'^fflfil*, Sfe*i<E)355*-C©pJtax 
•^i' hJU (f^to^. 4fj3 0 0~9 0 0 nm) i. iSgS^ 
Jl-X-^i/ hJl/CTiftto^. e^';*-CWi|^9 0 0nm~«?j 
1 2 7 0 n m) 4StfiSj«*li-rfc©<!:-r5. v1s-mr 
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mm<D±mt. itKommvimta: * c i * 

[00051 

^^m. simk^ m^imi e onm) -cH^o^sft* 

Jl!)f^M»-h»(c:A:#t,»rc«{). 3I«B©S^ (IE) ^fm 

[0006] mjLit. ^m&it. :3r(^<Dm^^r& 

T-Y-'N-r&S. ^?L<DWrM«:j:orjefiK$n-S-'<*-> 
(3i^«R) it. ffi{C3©»^ti/cAft»-^=ftJ|5©J:^ 

C <»: 4> oJtl-c**. 
{0007} :*^IB©St*i«j»7 y -Y''^•©if«^J:^t^«F 

i^VtiVr ■i-'^-Qitm 1 3 0 0 n mfe(±©i^gr U*^dJ 
a**-Fra02ilfSJjSf|fe^, *jJ:Ot. vis- 

[000 8] 

[^w©iufi©?^«i J^:iT©l^^WB3o©^^d»5^3>{c 

©CCjiL//cgiS[$ffl^j^:?T-^''^* (MSF : microstructure 
d fiber) <J>Wt%\i(tC:r>{.^XW^t i>. 112 (C. C©J:'5 

LTMSFKaa-rsjiii. 2|!:^??©Ma«. ffe©»'ry 

L i NbO,3r«:j:«3}i5^snSJ:^«c7'u-:^jj(>?g 

©l?ffi(ci-,r, */c{i, 3T±«:62g§n^^BJff&!){c 
®t,>Sffi^$©@{Cj;-,T. ffJ(!S3n^)C<!:*lpJfife-r* 

[0 009] -JSCC. :*:f6qg©33E5'*nc!|fSi{Cj:S3fe 
«jfi88«. vis-nirjg?g«:*Jl,>-C-fe*D^iJ[*W^^. C 

©jS!g-c». 3T©«?4©5S: (ft) »i5(»Jt«fl«j:i^* < 
(^&*>%. - 50 p s/nm • km«T) . nrti' 



(6) !|$gg2 00 0-3 58 7 1 9 

10 

"yv K©ffl©WJl!l!l®*T*^»+^3-fC:^#«,> (^^cto^. 
5%feLh) fcJ«>> 3SjfiK©a^ (lE) ^t5tij*m©^» 

rt-c©HiP^tj!*s^6ns. 3 etc. mmwio^mB 

(T«tt)^. 40ym'JWT) 

[0 0 10] [St*ffl«jS7r-f/<©g9:it3 an*. 

10 ?B©-||*S09«:J:'5MSF 1 0©«EBS»fBHr**. 3 

T 1 2«. K 1 4*jJ:C/^ffliJi'7 ? K 1 etc 

vyA /<©gwitc»-, -cess-r ssjs*©ffl*f^«[ 

*l|3S^S/cJ6tc. rtWi/^ry K 1 4©W5a)®*T^t*=i 
T©«5aH*f*«k«?fiC». ffe:^. PI 6ta. 

20 7 T 'r-'ttc?^*^^*. 2iEiiw© 1 -5©it$atc j:n 
fiT 3 li -r 3 T hmm<ommmmm'S:^-r 

4J:9tCfPfflT-Stg»©J:bta!W<£C»®«f^©i'^y K« 

®?:WLmtf^^;^©iS®»fmv h >; i';<Etifcj^(S$ 

30 [0011] ^mno^t. {y\.^mmm-c^x. rtro^^ 

F1ijS©ii»&< ife 1 o©Jt^e5jgn,^ J nr© 
^HtciBgSn. SgtC3S«3n;rc^&ftJK4}^^T-5. C 
r»c»J iW. C©«jS©««>iW©SH«#3W. 
=JT©SfeJ1#J©jgHi^f?*>6$5jl 0~3 0 /imJSJ^TtC 
*-SCi*;gi»T-S, i^l 0~3 0 wm*iBA*«it 
«. vis-niriSfitCfcWSfifeW*- F©S*f^jRtC« 
«i^^M©^9:SS4>m/c$^^u, m-@©«jS©JS^> 

2 o©isii!i©ra©K[««. c (om^co-^ A X m^Lum. 

S) tC««^itH,>. @2tC. C©«Jg*i^7Lt?*»3. * 

40 ©»fffitcJ:-,rfl5^S3n-S>'N'5»->dS7\ftJ^-C*Sl©^ 
©#— ilt9:tf-^^-r. 3Tti, ^?Lt"^L©ra©rasi<i: 

{inm-r?*0. «3a3TitS«i!!«J0. 5~7//m 

1. 7uin)-e*t). W55b3TtSa{*il^)0. 2~4 
0Mm'-C*»3. ^?L©itSt*0. 5~7/Lim(m 

0. 7Min)-C**). 3g?L©t>'C^raraPB«0. 5~ 
7Mm(m{*, 1. 6Mm) -C*^,. :7r-<-'^'©Ji^ 
©51-S«*\J1 2 5Mm-C*S*i> fl6©1^-rX^>SS-C* 
5, A»J:t«a<);«^* < . *'J1%~3 0%-C* 

50 0> Jlf*L<ti5%Kt±-C*i. fcfc'L. A= (n 
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• ff.cor.-n.ff.cl.d) / Hef f .cor.4'&^^*C^L'fC 

*Ci*injfiB"C*-5o bir^U. KMS F 

[00 12] ^^m«:<t:^MSF^<Dimmmmim 

^^mt^'yv FCc^«>ri^^o ^2 rnj co^ 

?L14. 2». 01I1<DS?L1 4. ICD^OCCffiW:^^ 

tC. 02®<D^?LcD5^fflim^«. ::ircDi^lUJ^W30^6*^ 
1 0'-3 0/xmfelT<b^-<#r*^o ^?L*/c 

03 3<l<D^7L6[)S&«:3t«^n/ciSg^7F-ro 
l/T. S5li. nri 2a>M(iJ^^3C^*RCD^7Ll 4. 

«TpItett^7)^^§¥3i]S^ifc (GVD) ^^To GVD 
-Yzy'}iOVT >'^-C«. vis-ni rm,mCkmn^WLi)^ 

^'>rj:y7 '^^^t—mi(fcm 1 2 7 0 n mr-tfp^^tJt^iS 
^nj:«3SSS-CttSl^ (iE) (DGVDi^-To C 

1 3 1 0-1 5 5 0 nm) CC5>y h-r-SCii^&sr 
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0. AA,*jJ:0*AA,«ji^^rt^^>+B^U<J^j:i^o m 
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i>^o fi^^tf. G. Sucha et al.. Optics Lett. . Vol .1 
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r7-OMS FCC^jC-t^S^lt^- Frail2i6fi0?$^^^aiJ 
S-rScfc^tC^®^rg:itO/Co :7T>r>'^•<DS^(^l 0 c 



iRFig2 0 0 0-3 5 6 7 1 9 
18 

^<omt>\t. 9 o n m. wmmfm 1 1 0 

f s . \:i-{;^^y-ifim2 0 0 WcD:M&/^V^X'C 

2iSiBiffi(c*jt:fS lMo:7;f h>*%^0/co 0 l 2Cc 

S (iKj8 9 6nm) *JcfcCXm2»ii& (*^4 4 8nm) 

[0 03 2] [055 ] C<DMr«. 09irgi?gL3rc^-< 
:/OMS FK:fct:fS4?eig^*a»j^-r5<fc^cc||il*g 
StO/c. r7r>f/'f(DSS«l 0 cm-C*0. jJ<>:/U- 

8 5 5nm. i»iK^H3&^«^ 8 0 f s . *5j:0f. tr-d^y%- 
»7-:^|^l 2 0 0WCD3fe^s;U;:2L-c^-p/to *J8 5 5nm 
(D2<B(^>':t h>^fflS:fffflLriKj5 3 0 n mk:^fe&:r-5 
\m(Ov^ F>fcJ:CfjR2 42 7nmCC*jCt5mcD:7 
*h>^l^l//Co 0 1 3{C^-rJ:^CC, MSFCOW:^) 
t5t^5}<>yiSS (i^8 5 5 nm) ^^Zf 
^^J5 3 0 nmK:t;-i57^^U/c, 2 4 2 7 n mtC^feC^T-S 

[0033] 

[0ffiCD®WcC|^?g] 

[an m—m(omii>K mtiC^m^tifc^nm^i^^is. 
^^m<D-mmm^^^mm^yy^^^<Dm 

[04] 2®<D^?L;2rS. ffitC3lt«3ta;^Aftfl5«rJK^T 
[0 5] 2g?L;&inT(DMffl!lK:^RJfJei«*Jg^T*. * 
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